Study Design. Retrospective cohort study. Objective. To assess neurologic recovery and the manner in which it is affected by various factors following nontraumatic spinal cord lesions (NTSCLs).
Many spinal cord lesions (SCLs) are nontraumatic. In Italy and Germany, 25% of the SCLs were not traumatic; 1, 2 in England, 35%; 3 in the Fiji, 46%; 4 and in the population screened for the present study, 65%. However, most of the available information on SCL recovery (known for more than 30 years to have favorable chances 5 ) is based on research of traumatic spinal cord lesions (TSCLs). The little that is known about recovery rates following nontraumatic SCL (NTSCL) appears in a few studies reporting on spinal tuberculosis 6 and NTSCLs of various etiologies. 1, 7, 8 Total recovery rate was 90% in patients with spinal cord tuberculosis following drug therapy and rehabilitation, 6 and 34% in patients with degenerative, tumoral, infectious, or vascular SCL. 8 Walking ability was recovered in 23 of 47 cases after spinal decompression. 7 The present study describes, for the first time, neurologic recovery after NTSCL in Israel and its association with various affecting factors.
Methods
Of a total of 1,656 SCL patients treated between 1962 and 2000 at Loewenstein Rehabilitation Hospital, the principal referral center for rehabilitation medicine for hospitals throughout Israel, 1,117 had nontraumatic lesions. After exclusion of patients with missing data, 1,085 patients with NTSCL were included in the present study and were compared with 250 TSCL patients treated between 1962 and 1992 and presented in a previous article. 9 TSCL patients had a mean age of 34.5 years at injury and were admitted to rehabilitation with a mean delay of 59 days after injury (median, 36 days). Their male/ female ratio was 3.3:1, SCL level was cervical in 35.4%, thoracic in 32.4%, and lumbar in 31.2%, and Frankel grade on admission to rehabilitation was A in 29.6%, B in 16.8%, C in 40%, and D in 13.6% of the patients. The remaining 289 patients, those with TSCL treated between 1992 and 2000, have not been studied yet and are not considered in this paper.
Data were collected by chart review. The severity of neurologic deficit below the spinal level of injury was graded according to Frankel et al, 5 as described in a previous publication on TSCL recovery. 9 In most cases, Frankel grades had not been assigned during hospitalization, so for purposes of the study they were assigned in all patients retrospectively based on the examination protocols at admission to rehabilitation and discharge from hospitalization. The retrospective assignment was carried out by an experienced physician, as customary during routine quantitative assessment of the neurologic deficit in rehabilitation settings. The degree of neurologic recovery or regression in each patient was determined by comparing the Frankel grade of neurologic deficit at first admission to rehabilitation with the grade at discharge from the same hospitalization.
For the purpose of the study, the term "useful movement," used for the Frankel D classification, was interpreted as a "functional movement" that allows some primary activity of daily living. Consequently, neurologic recovery that allows functional movements in the body organs affected by the SCL was defined as a "useful recovery." Recovery rate was assessed either as any recovery (recovery of at least one Frankel grade from A, B, C, or D), or as useful recovery (from Frankel Grades A, B, or C at admission to Grades D or E at discharge). From the point of view of rehabilitation medicine, a change from a nonfunctional status, lacking movements needed for primary activity of daily living in body organs affected by the SCL (represented by Frankel Grades A, B, and C), to a functional status allowing such movements (represented by Grades D and E), is an important aspect of recovery. Other studies have also used such an assessment of recovery. 9, 10 The assessment of useful recovery did not include patients with an initial Frankel Grade of D or E.
Logistic regressions were used to examine the association between affecting factors and recovery. To compare neurologic recovery of TSCL with NTSCL, the data files of both patient groups were combined. Frequency of recovery of patients with initial Frankel Grades of A, B, or C was compared between the groups, and the associations between affecting factors and recovery were analyzed using logistic regressions of data from the combined file. Trauma was defined as an additional etiology and the odds of recovery were examined in the various NTSCL etiologies in relation to trauma.
11 P values Ͻ 0.05 were considered statistically significant. Data were analyzed by SPSS for Windows, version 11 (SPSS Inc.).
Results

Demographic and Clinical Data
The mean age of NTSCL patients at lesion onset was 47.8 years (SD 17.2 years; range, 0 -82 years). The male/ female ratio was 1.2:1.
Lesion etiology was spinal stenosis in 24.1%, disc protrusion in 14.6%, multiple sclerosis in 21.8%, tumors in 20.3% (meningioma 8.9%, ependymoma 2%, astrocytoma 1.3%, schwannoma, hemangioma and others 8.1%), myelitis (myelopathy of unknown origin) in 6.5%, infection in 4.7% (mainly tuberculosis and Staphylococcus aureus), C1-C2 instability (mostly rheumatic) in 2.7%, vascular malformation in 2.2%, spinal cord ischemia after nonspinal surgery in 1.6%, and spina bifida in 0.7%.
The cervical spinal cord was affected in 32.1% of the lesions (150 upper and 197 lower cervical), the thoracic in 45.2% (131 upper and 359 lower thoracic), and the lumbar in 22.8%; 62% of the lesions due to spinal stenosis were cervical; 60% of the disc lesions were lumbar; and 60% to 79% of myelitis, tumors, vascular lesions, infection, and multiple sclerosis were thoracic.
At first admission to rehabilitation, 2.9% of patients had complete lesions (Frankel Grade A), 13.1% Grade B, 46.6% Grade C, and 37.4% Grade D.
The interval between onset of lesion and first admission to the rehabilitation center varied from a few days to several years, depending on etiology. This interval (mean, 51.2 months; SD, 76.4 months) remained almost constant over the decades (P ϭ 0.9).
Outcome
Fifty-one percent of the 679 patients who had Frankel Grades A, B, or C on admission (32% of all patients with NTSCL) improved during the course of rehabilitation to Grades D and E ( Table 1) .
Effect of Initial Frankel Grade (Lesion Severity) on NTSCL Recovery
The frequency of any recovery (partial or complete) in patients with Frankel Grades A, B, or C on admission was inversely related to the severity of the original deficit: Grade A, 22.6%; Grade B, 53.5%; and Grade C, 57.3%. Two of the 31 patients graded A on admission achieved Grade D at discharge; none achieved E. Of the Grade B patients, 15% achieved Grade C, 36% Grade D, and 1.4% Grade E. Of the Grade C patients, 55% achieved Grade D and 2% Grade E. Of the Grade D patients, 28% achieved Grade E (Table 2) . When controlling for age at admission to rehabilitation, gender, SCL level, decade of admission to rehabilitation, and etiology of the NTSCL, the initial Frankel grade had a significant effect on recovery (P Ͻ 0.001). The odds of recovery during rehabilitation were higher for initial Frankel Grades B or C than for Grade A. However, the odds of recovery from initial Grade D were not significantly different from those of any recovery from initial Grade A (Table 3) .
Effect of NTSCL Etiology on Recovery
When controlling for age, gender, SCL level, decade of admission to rehabilitation, and initial Frankel grade, etiology of the NTSCL had a significant effect on recovery (P Ͻ 0.001). The odds of recovery during rehabilitation were highest for benign tumors and disc herniation and lowest for multiple sclerosis (Table 3) . Total of A, B, and C grades at admission (62.5%) minus total at discharge (30.5%) ϭ 32%, which represents 51.2% of 62.5%.
Effect of Age at Admission to Rehabilitation on NTSCL Recovery
When controlling for gender, SCL level, initial Frankel grade, decade of admission to rehabilitation, and etiology of NTSCL, the odds of recovery as expressed by any improvement in Frankel grade were reduced by 1% for each additional year of age at admission to rehabilitation (P Ͻ 0.05). However, age at rehabilitation did not affect the useful neurologic recovery (Table 3) .
Examination of Other Effects on the Recovery of NTSCL
When controlling for all the above variables, the effect on the recovery during rehabilitation of gender, lesion level, and the decade of admission to rehabilitation was not significant (Table 3) .
Comparison of NTSCL and TSCL Recovery
Patients with NTSCL advanced from lower to higher Frankel grades more frequently than patients with TSCL (Table 4 ). When including previously studied patients with TSCL 9 in the analysis, and controlling for traumatic etiology in addition to Frankel grade, NTSCL etiologies, age at rehabilitation, gender, and decade of rehabilitation, the odds of useful recovery during rehabilitation were higher for tumors, degenerative spine disease (disc herniation or spinal stenosis), myelitis, and infection, than for trauma (P Ͻ 0.05). The odds of useful recovery following TSCL were not significantly different from those of vascular lesions or multiple sclerosis. The odds of any recovery were higher for tumors, degenerative spine disease, and myelitis (P Ͻ 0.05), but lower for multiple sclerosis (P Ͻ 0.001) than for trauma. The odds of any recovery following TSCL were not significantly different from those of vascular lesions or infection (Table 5 ).
Discussion
Anticipation of neurologic recovery in patients with SCL can help plan their rehabilitation program and its timetable. To this end, as well as in order to estimate prognosis and assess treatment efficacy, neurologic recovery has been studied in TSCL. 5, 9, 10 However, two thirds of SCL patients at Loewenstein Hospital have nontraumatic lesions, and the information available in the medical literature about the rate and extent of neurologic recovery in this subgroup is scant. The present study contributes to this information data obtained from more than 1,000 NTSCL patients.
Overall recovery rate was impressive. Fifty-one percent of patients who had no effective movements (Frankel Grades A, B, and C, with either total or partial paralysis and nonfunctional movements that cannot be used for daily activities), and 57% of those who had nonfunctional movements (Frankel Grade C) showed full or substantial neurologic recovery, upgrading to Grades D or E. However, recovery varied according to SCL severity and etiology, and to age at rehabilitation. As in other studies on traumatic and nontraumatic SCL, 1,5,9 recovery was inversely related to the severity of the original neurologic deficit as measured by Frankel grading. The initial Frankel grade, which was found to be the principal predictor of recovery in previous research, 1 was also a major factor that predicted recovery in this study. NTSCL is a heterogenic group comprised of various etiologies that may have different tendencies for neurologic recovery irrespective of other factors that may affect recovery. Patients with benign tumors and with degenerative spine disease (usually after decompressive surgery) showed the highest tendency for neurologic recovery, while patients with multiple sclerosis showed the lowest recovery rate. Younger age at rehabilitation affected recovery positively, but this effect was insufficient to promote recovery from a nonfunctional to a functional state. Neither gender, nor lesion level, nor the decade in which rehabilitation took place affected the neurologic recovery. This implies that recovery depends on the injury that damaged the spinal cord more than on any of the other potentially affecting factors that were studied.
Neurologic recovery rate was generally higher than that achieved by previously studied TSCL patients during rehabilitation. The NTSCL advantage was most prominent for admission Grades A and B, less so for admission Grade C. This and the fact that NTSCL recovery from initial Grade D was not significantly different from that of any recovery from initial Grade A are probably due to a ceiling effect in NTSCL patients.
The lower frequency of initial Frankel A grades in the NTSCL patients does not account for the overall better recovery of NTSCL versus TSCL, as the overall recovery rate of NTSCL was either better than that of TSCL or similar to it irrespective of initial admission grade in the A, B, and C groups ( Table 4) .
The time interval from lesion onset to the first neurologic examination on admission to rehabilitation, which is longer in nontraumatic than in traumatic SCL, 9 cannot account either for the overall better recovery of NTSCL versus TSCL. Recovery that might have occurred during that interval could not have reduced the odds of recovery in NTSCL relative to TSCL. However, the effect of that time interval may produce greater variation in NTSCL than in TSCL, which limits its value in comparing between the groups.
The higher recovery rate in nontraumatic lesions in this study is consistent with the findings of one other study, which showed a 56.9% recovery rate in NTSCL, 12 while other publications showed similar neurologic or functional achievements in TSCL and in NTSCL. 1, 13, 14 It is difficult to draw any conclusion from comparisons with this literature, as the distributions of NTSCL etiology and initial Frankel grades are variable in theses publications, and control for variables that may affect recovery is not clear.
Since comparison of this group of NTSCL to other groups reported is problematic, and since NTSCL populations may vary greatly, generalization from Loewenstein Hospital to other institutions may be inadequate; this is a limitation of the study.
There are a few other limitations. A potential methodologic drawback is the retrospective assignment of Frankel grades. Unfortunately, semiquantitative and quantitative measurements of neurologic deficit were introduced into our practice only in the last decade. However, the information that the original examiners of the studied patients would have used to grade them, namely, the presence of neurologic deficit, its clinical completeness, the distribution of sensory deficits, and the patients' functional status, was recorded in the hospital charts. Therefore, our grading of the neurologic deficit is quite likely as valid as it would have been had it been carried out when the information was originally recorded. Although Frankel grading was developed for TSCL lesions and may have limitations when used for NTSCL, it is the best available instrument for retrospective evaluation of the severity of SCL, and it can probably be applied for this purpose irrespective of SCL etiology. Both Frankel grading and the grading of the American Spinal Injury Association, which is based on Frankel grading, have been used by various authors to assess SCL severity in NTSCL. 1, 15, 16 Another potential drawback of the present study is that the NTSCLs were analyzed mainly as one group, while recovery rate may be affected by the specific etiology or prerehabilitation treatment. Further analysis to assess recovery in specific etiologic and treatment subgroups may produce additional meaningful information about factors that determine the chances of recovery following SCL.
Conclusion
Most of the NTSCLs may show a substantial neurologic recovery during the first admission to rehabilitation. Their recovery is affected mainly by SCL severity and is generally better than in TSCLs.
Key Points
• Neurologic recovery that allows functional movement in organs affected by spinal cord lesion was achieved during rehabilitation in 51% of the nontraumatic spinal cord lesion patients who had been lacking such movement.
• In nontraumatic spinal cord lesions, neurologic recovery is negatively associated with the severity of the neurologic deficit before rehabilitation. Recovery is affected by lesion etiology but not by gender, lesion level, or the decade of rehabilitation.
• Recovery rate is usually higher in nontraumatic than in previously studied traumatic spinal cord lesions.
